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OVERVIEW

This document provides definitions of data for the Science Operations Center
(SOC,) displays to be used during the TSS-1 mission. The displays include four Joint
Science Displays (JSD) and four Payload Operations Controi Center (POCC) displays.
The definition includes measurement numbers and algorithms, when available, for each
displayed parameter. Attachments provide descriptions of time scales and indicarors,
unique aigorithms, display formars and Calibrated Ancillary Systenr (CAS) parameters.
Where parameters are unresoived, the information in question is underlined. In these
cases, further input is required from cognizant PIs, PEDs, et. al. Also, where-information
is undefined, "TBD" is stated.

An effort was made to reain the numbering system used by MMAG/SwRI for each
display item. For instance, the extended tether of POCC display I was item 33 in their
documentarion and remains item 53 herein. These number assignments are shown on the
MMAG/SwRI dxsplay formats, enclosed as the first eight pages of Attachment D (the
second eight pages are MSFC/SvT display formats). Where MMAG/SwRI failed to
1denufyannem;d1eexxsungnumbmngsystemwasexucnded. As an example, two

samlht:ﬂmxstmwerenoudennﬁedon POCCI; therefore, the thrusters were assigned the
next unused. numbers 54 and S5, by SvT.



ISD I

Item 1, Satellite Potendal, is SRD No. KO6AS212A. Tn+ “ivm+4s wre T $003 ve lbs
Item 2, Bias Current, is SRD No. KO6AS5210A. Tna Limi4s avre TG mierocangps

+ Item 3, dC-E, is SRD No. KO6AS5220A. The Lime+s are © = oS yyi4s

« Item 4, Ion Flux, is SRD No. KO6AS218A. The Lim.+s are £ 1({0 NANIAmps
. Ttems, By ; is SRD No. LO3A008S, in umqits.of nT.

« Item6, By, is SRD No. L0O3A012S, in umits of nT.

. Item7, Bz, is SRD No. LO3AOL6S, in uiirs of nT..

e Item 8, is deleted.

+ TIem9, is deleted.

* Item 10, is deleted.

Item i1, RETE E Field. will show one of 3 components (E is defauit) of the E-field,
selectabie by the operator:- The display is comprised of 13 different horizontal
spectrostrips (or bands) each corresponding to a different frequency. Within a given
spectrostrip, there are 16 channeis which will need to be averaged to determine what the
signal strength is (color coded in units of (mV)2/Hz). See RETE IDFS for the AC
waveform data ocations. The vertical scale shouid be "Freq", from 0.16 KHz to 12
MHz. Tha colov \mfri‘f:ﬁbgar- thrie $rom Ol to 1000 (mV)>/Ha

ltem 12 RETE B Field, is the same as item 11 above except that it is the B Field data,
color coded to units of (mV)2/Hz. Also, only 2 components, By and B, are available.

Item 13, RETE Langmuir Probe, is SRD No.'s KO6A5214A and KO6A5216A. ——-‘
+ Item 14, Sateilite Thrusters On/Off, is SRD No.'s A02J002D, A03J002D, A04J002D,
A05J002D, A06J002D, A07J002D, A09J002D, A09J004D.
The aigorithm is:
If any measurements indicate "OPEN", then the display should indicate On;
Else display shouid indicate Off.
+ Item 15, Orbiter Thrusters On/Off, is CAS measurements V79X2601X thru
V79X2644X. The algorithm is:
If any thrusters are "On", then the display shouid indicate on;
else display should indicate off.
+ Item 16, FPEG On/Off, is SRD No. NO3V011D.

/W/\m
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I1SD I (cont'd)

Item 17, EGA1 On/Off, is defined in the SRD as MOOCOQ7S.

The aigorithmis:
IfEGAL1 filament current > 65 Amps, thenr display should indicate EGA1 On:
Else dispiay shouid . mdlcan'.EGAl Off. .

Item 18, EGA2 On/Off, i 1s defined in the SRD as MOOCDOSS.
The aigorithm is: . .

If EGA2 filament current > 65 Amps,then-dxsplay shouldmdmamEGAz On; -
Else display should indicate EGA2 Off.-  :=——: -~ .77

Item 19a, Water; will show color for "ON" if either CAS No.'s V62XO465E or
V62X0538E is high. k. = o dri

[tem 19b, FES, wiil show color for "ON" if FESison. See AttaChmcan for FES
"ON" definidon.

Item 20, DIFP Defl Voltage, is ROPE logical instrument RPDP, Sensor 0. Veticat

scale is in VDC from #100 to+100 \witivesGiissesineneaiiolinintenenliciog.iic
epraprare-inholf THe color baris mAmps,ﬁunr“leO-“.:tn 5x10” -6

LN

- Item 21, DIFP Retarding Voltage; is Wf ROPE logical

mmr%?ﬁijm& ]
YERNICAL SCALE IS IN VDC_from 0. +0 +j00. The Colon
S an T 265, § 8AR 1S 109 AMPS, Fibw SXT0 -1 To S5xi0-6

Item 227SPES-1 Ions, is ROPE Iogn:almstmment RPIB, Sensor0. The color bar

scale will be logmhnncmthumtsofDxffEHux. The range will be from st t0 /o .
ioEaipeni). S

- Item 23, SPES-2 Elecuons, is ROPE logical instrument RPEB, Sensor 1. The color

bar scale wiil be logmhmxcwnhumtsofDxffEFlux. 'Iherangemllbefromiﬁto o,
MaEimenis) , s /0~

- Item 24, SPES-3 EIecuons, is ROPE logxcaLmstmmcnt RPEA, Sensor 0. The color

bar scale wiil be logrithmic with units of Diff E Flux. The range wiil be from lﬁd;to 1o,
A 32 : /0"
1wad 11 ottac Amerit A,

- Itemr26, Lat, is defined in Attachment L.

¢ ~ Item 27, Lon, is defined in Attachment L. = i :
* Item 28, MET, is CAS measurement V75W3514D. S‘z.e. Atackmes + A,

M

o Ltewm 29 ,- YéAﬂ/DA—‘l-/h‘@ MIN §S: S.S'S 15 defised

T A‘f"‘rhc}\muf A .



EAECTED USE!

Cf ESA B

:ELEC-TE,D/ USE :

SRD Nb./'’g

JSDIT

For items 1 thru 4, there are 2 Heads which are selectabie by the operator, either Head A or

Head B. It is envisioned that one display will have Head A and a simiiar display will
have Head B..The PIT crew wiil select which display to use.-on a frequency basis of
approximately every LOS. Also, display all vcrr.ica}scal:s as log scales from 10eV to
10KeV. Color scales shouid be in counts/sec from 8 to 2E6. . .

Item 1, SPREE Ions from Zone 4, use SRD No.'s ROOU428S thru RO0U459S if Head .
A; if Head B, use SRD No.'s RO1U202S thru RO1U233S. -

Ttem 2, SPREE Ion Summed Spectra, use. SRD.No.'s ROOU002S thnr ROOU033S if
Head A; if Head B use SRD No.'s ROOU036S thru ROOU067S.

Item 3, SPREE Electrons from Zone 4 use SRD No.'s ROOU396S thra ROOU427S; if
Head B use.SRD No.'s RO1U170S thru RO1U201S.

Item 4, SPREE Electron Summed Spectra,’sse SRD No.'s ROOUQ75S thru
ROOU106S, ROOU139S thru ROOU170S, ROOU204S thru-ROOU235S, ROOU268S
thre ROOU299S, ROOU332S thru ROOU363S, ROOU396S thru ROOU427S,

ROOU460S thru ROOU491S, ROOUS24S thra ROOUSS55S, ROOUS88S thru-

ROOU619S, ROOU652S thra ROOU683S,'RO0US49S thra ROOUSS0S, ROOUI13S

. thra ROOU944S, ROOU977S thru RO1U0O8S, R0O1U041S thru RO1UQ73S,

RO1U106S thru RO1U137S, RO1U170S thru RO1U201S, R01U234S thnr
RO1U265S, RO1U298S thru RO1U329S, R0O1U362S.thru RO1U393S, RO1U426S
thru: RO1U457S.

Item 5, SETS CCP I use SRD No. N04C001S if SRD No. N041003D is low. If SRD
No. N04JOO3D is high, use SRD No NO4C003S. Left side vertical scale should be
£100 mA/m2:- & S

Item 6, SETS CCP Q, use SRD No. N04V005S if SRD No. N04J0O02S.is low. If

SRD.No. N0O4JOO2S is high, display N04V008S; right side vertical scale should be
from+1000.VDC to -4000 VDC.. e

——

Items 7-12, Sateilite Thrusters On/Off thru Flash Evaporatots On/Off, are described
under-JSD.L

Iten 13, Tether Length, is SRD No DO1HO022S. The spectrostrip will be color coded- fvowy

sosmiivenrisminsssmntaiag green for O weemd km syellownisssd 10 sviGsiuwmssangs -
fowidnomitsimn, red for édater20 km)e - .

~-Jtem 14, TSS Mode is deleted. .

Item 15, Pressure, is SRD No. MOOP0O3S.

- Item 16a, Anode Leakg 1, is SRD measurement No. MOOCOOSS.

4



* Ilem 16b, Anode Leakg 2, is SRD measurement . No. MOOCOQ6S. :
* Item 17, SPREE Potential. is SRD No. ROOU069S. Theé spectrostrip will be color
coded e .

aisltils  {v 0 w Qrese - Loy OV. to.rad for 3;[:\(_ olbioll,
* Items {8 and 19, thchAngleSpecuosmpandFPEGSpecmsmparedcleted.
(Eor items 20 thry 22, the right side vertical scaie should be 0 to 0.75A.) i
* Item 20, DCORE Tetheri, is two plomd.paramems:SRD.No.s MO00C003s, (EGA1)
MO00C004S.(EGA2). . R Jo
- Itemx 21, SETS Tether1, is SRD.No. N02m038.- -

* Itemx22°SA Tetheri, is SRD No. I03C002S._

Mm“vmalc shouid be from +100 VDC 1o -5000
VDC.] —

- -

--Item 23, DCORETethe:V use algorithm for'D Volt" mSRD DDCU Page 1.
* Item 24, SETS Tether V, is same as "S VOLT" on DDCS. page 1.
o ~Item 25, DV Tether-V, is deleted. fn 0 tre st e

eodn =E

* - Item 26, SETS SRPA, is either N05V0098(IPH1) o:NOSVOlOS(IPLO), selecrable by
the-operatar: ‘Note that each byte (IPHI or IPLO) has 2 settings as well for a total of 4
separate configurations. Thie voitage is determined via interpolation between the

following SRD No.'s: NO5V006S, NOSJ003S.. NOSJgMS a.“n_g.N()iIOOSS (IPSWP1,
[~

[PSWP2, IPSWP3, and IPSWP4). Color bar is from Sweep voltage
scale is from -2.0 Vo +15 V.

Item 27, SETS Langmuir Probe, is SRD No. NO5V011S (shown as color coding).
The voitage is determined via interpolation betweexrsucg&gvs_ samplamf SRD No.
NOSV008S. Rangeis -2.0 to +10.0 VDC (vertical axis), Hﬂ (color bar).

» ltem 28, Tiine, is defined under JSD L e i
 Item29, Lat, is defined under JSD 1.

¢ Item 30, Lon, is defined under JSD 1.

* Tltem 31, MET, is defined under JISD L. :
* Item32, YR/DAY, is defined under JSD I .

ere wiy o sy
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JSD III

Foritems 1 and 2, the right side vertical scale should be +60 to -20 miilig.

Item 1, A4, is.SRD No. I01A006S.
Item 2, Ax-and Ay, Ax is SRD No. I01A002S and Ay is I01A004S.

Foriterns 3 thrp 3, the right side vertical scale should be + 2.4 deg/s.

Item 3, Gyro X, is SRD No. BO1R002A.

Item 4, Gyro Y, is SRD No. BO1R00O4A.

Item 5, Gyro Z and Gyro skew, is SRD No. BO1R006A, and BOIROOBA.

Item 6, Tensiometer, consists of 3 measurements. SRD No. DO1G0O01A (fine) should
have a vertical scale on the right side of 0-9N. SRD No.'s DO1G002A (coarse) and
DO1H029S (blended) shouid have a vertical scaie on the left side of 0-60N .

Item 7, Tether L, is SRD No. DO1H022S. Scale is 0-22 km.

Item 8, Tether L-DOT, is SRD No. DO1H024S. Scaleis £ 2 my/s.

Item 9, Satellite Thrusters, will be an ON/OFF spectostrip using the measurements and
algorithm described under JSD L

Item 10, Orbiter Thrusters, will be an ON/OFF spectrostrip using the measurements
and algorithm described under JSD L

- Itemx'11, Range, is CAS No. V74U2623]. Vertical scale should be on the right side

from 0 to 22 km.

Items 12 and 13 are defined in attachment D. Verticai scale should be on the left side
from O to 360 deg.

Item 14, Predicted Tether Voltage, is deleted.

Item 15, Measured Tether Voltage, will be two plotted parameters - "D Voit" and

"S Volit" defined in the SRD's DDCU Page 1 description. Verticai scale is from +100
VDC to -5000 VDC..

Item 16, MET, is defined under JSD L
Item 17, YR/DAY, is defined under JSD L
Item 18, Time, is defined under JSD 1.
Item 19, Lat, is defined under JSD 1.

Item 20, Lon, is defined under JSSD L



ISD IV

ltems 1-4, Ions from Zone 4 thru Electron Summed Spectra, are identified in JSD I
[tems | through 4.

« IDtem 5, SETS CCP |, is described under JSD II.
* [ltem 6, SETS CCP Q, is described under JSD II.
* Items 7-12, Satellite Thrusters On/Off thru Flash Evaporators On/Off, were defined
under JSD L
Items 13-18, Tether Length Spectrostrip thru Pitch Angle Spectrostrip, were defined
under JSD'IL :
¢ Item 19, FPEG Spectostrip, is deleted. p
* Itenr20, Orbiter Pitch Angle, is deleted.
ltem 21, Orbiter RAM Angie, is expressed in AZ and COEL. It is defined in
Atachment J. It is expressed in degrees, from O to 360.
Item 22, AMAG, is 3 line piots of the 3 magneric field components, in the Orbiter
__coordinate system (x-axis out the tail, z-axis up out of the cargo bay). Thé units are
~ (uT), from-<60,000 to +60,000. The three components should be ploted as follows:

_ —#)Bx = NQTU002S

(:)By= N%OOZ%S

+° ——) Bz = NOTUOO1S

+ Item 23, Pressure, is deleted.
_+ Ttem 24, SETS RPA, is described under JSD II.

+ Ttem 25, SETS Langmuir Probe, is described under JSD II.

* ltem 26, Time, is defined under JSD L

o [Item 27, ’Lat, is defined under JSD 1.

* Item 28, Lon, is defined under JSD L

 Item 29, MET, is defined under JSD L

¢ Item 30, YR/DAY, is defined under JSD L



BOCC I

Item 1, Baz, is defined in SRD, DDCU Pg 1 as "B AZ".

Item 2, BCOEL, is defined in SRD, DDCU Pg 1 as "B COEL".

Item 3, Vy, is CAS measurement V95L0190C.

Item 4, Vy, is CAS measurement V95L0191C.

Item 5, V4, is CAS measurement V95L0192C.

Items 6 and 7, Tether Az and COEL, are defined in Atttachment D.

Item 8, DRB, is SRD measurements Y03U009S (DRBA) and YO3UO018S (DRBD).
Item 9, L, is SRD No. DO1H024S and is FMD data type, as defined in ECR
ELS53-0522 (displayed units are m/sec).

Item 10, L, is SRD No. DO1H022S and is FMD data type, as defined in ECR
ELS53-0522 (displayed units are kr.).

Item i1, SA, is SRD No. 103C002S.

Item 12, TCM, is SRD No. N02C003S.

Item 13, DV, is the same as the "D Volt" algorithm from SRD DDCU page 1.

Item 14, TVMDC, is the same as "S Volt" on DDCS, page 1.

Item 15, FPEG, is SRD No. NO3VO011D. It is displayed as "ON" or "OFF".

Ttem 16, EGA, is SRD No.'s MOOC007S, MOOC008S. Algorithm is:

If EGA1 filament current or EGA2 filament current > 65 amps, then display shouid
indicate EGA is "ON"; else indicate "OFF".

Iiem 17, RAM Coel, is defined in Attachment J.

Item 18,RAM AZ, is defined in Attachment J.

Item 19, FES, is defined in attachment E.

Item 20, DUMP, is CAS measurements V62X0538E and V62X0465E.. A dump is
indicated as "ON" if either vaive is open; else indicated as "OFF".

Item 21, DMT, is deleted.

Item 22, MET, is CAS measurement V75W3514D.

Item 23, GMT, is CAS measurement V75W3504D.

Foritems 24-29 and 54-535, See attachment F.

Item 24, Out-of-Plane Left Valve, is SRD No. A07J002D.

Algorithm is:
If valve is "OPEN", indicate thruster is on; else indicate thruster is off.
The plume icon is displayed for asbease 10 seconds to ensure visibility.



POCC 1 (cont'd)

* —~Itemr25, Out-of-Plane Right Valve Status, is SRD No. A06J002D.

Algorithm is:
If valve is "OPEN", then indicate thruster is on; Else indicate thruster is off.
The piume icon is displayed foreséeass-10 seconds to ensure visibility.
 -Itemr26, Yaw i Valve Status, is SRD No. A09J002D.
Algmthmxs. > £
— - —If¥alve is "OPEN", then indicate thrusteris on; eise indicate thruster is off.
The plume icon is displayed forasdesst-10 seconds to ensure vxsxbihty

o —Item 27, Yaw 2 Valve Status; is SRD No. A09J004D. . S

Algorithm is:
If valve is "OPEN", then indicate thruster 1s on; eise indicate thruster is off.
The piume icon-is displayed for amieass-10 seconds to ensure visibility.
e - Item 28, In-line 1 Valve Stats, is SRD No. A02J002D.
Algorithm is: P e e
- If¥aive is "OPEN™, then indicate thruster is on; else-indicate thruster-is off.
The plume icon'is displayed for asleast. 10 seconds to ensure visibility.
-- Itém 29, In-line 2 Valve Statns, is SRD No A031002D g5
2 _Mmm. e e i O o e 2
- If Valve is "OPEN", therindicate thrusteris on: else indicate thruster is off.
- The-plume icon is displayed for amiasast: 10 seconds to ensure visibility.

* Item 30, Fore Starboard Lateral Thrusters, is CAS measurement No.'s V79X2606X,
V79X2613X, V79X2616X. A large plume is displayed if 2606 or 2613 is fired; smail
plume if 2616 is fired. Tlié plume-icon is displayed for at least 10 seconds to ensure

* Itemr31, Fore Port Lateral Thrusters; is CAS measurement No.'s V79X2602X,
V79X2610X, V79X2615X. A large plume is displayed if 2602 or 2610 is fired;

smail plume if 2615 is fired. The plume icon'is dxsplayed for-h-t 10 seconds to
ensure visibility. ) ™



PQCC 1 (cont'd)

Item 32, Aft Starboard Lateral Thrusters, is CAS measurement No.'s V79X2632X,
V79X2634X, V79X2638X, V79X2640X, V79X2643X. A large plume is displayed if
2632, 2634, 2638, or 2640 is fired; smail plume if 2643 is fired. The plume icon is
displayed for esdeass 10 seconds to ensure visibility.

Item 33, Aft Port Laterai Thrusters, is CAS measurement No.'s V79X2618X,
V79X2620X, V79X2624X, V79X2626X, V79X2630X. A large plume is displayed if
2618, 2620, 2624, or 2626 is fired; small plume if 2630 is fired.. The plume icon is
dispiayed for esisast 10 seconds to ensure visibility.

Item 34, Fore Port Upward Thrusters, is CAS measurement No.'s V79X2603X,
V79X2607X, V79X2611X. A large plume is displayed if any of these thrusters are
fired.. The plume icon is displayed for esiesss 10 seconds to ensure visibility.

Item 35, Fore Port Downward Thrusters, is CAS measurement No.'s V79X2604X,
V79X2612X. A large plume is displayed if either of these thrusters is fired. The
plume icon is dispiayed for esdeast 10 seconds to ensure visibility.

Item 36, Aft Port Upward Thrusters, is CAS measurement No.'s V79X2619X,
V79X2621X, V79X2627X. A large plume is dispiayed if any of these thrusters are
fired. The plume icon is dispiayed for aslesss 10 seconds to ensure visibility.

Item 37, Aft Port Downward Thrusters, is CAS measurement No.'s V79X2622X,
V79X2625X, V79X2628X, V79X2629X. A large plume is displayed if 2622, 2625,
or 2628 is fired; smail plume if 2629 is fired. The plume icon is displayed for ailaast
10 seconds to ensure visibility.

Item 38, Aft Starboard Upward Thrusters, is CAS measurement No.'s V79X2633X,
V79X2635X, vwxzs&xx. A large plume is displayed if any of these thrusters are
fired. The plume icon is displayed foramlesst 10 seconds to ensure visibility.

- Item 39, AftStarboardDownwardThrustexs is CAS measurement No.'s
V79X2636X, V79X2639X. V79X2641x, V79X2644X. A large plume is displayed if

2636, 2639, ar 2641 is fired; smail plume if 2644 is fired. The plume icon is displayed
for asdemst 10 seconds to ensure visibility.

10



POCC 1 (cont'd)

Item'40, Fore-Starboard Upward Thrusters. is CAS measurement No.'s V79X2603X,
V79X2607X, V79X2611X. A large plume is displayed if any of these thrusters are
fired. The piume iconris displayed for aslaast 10 seconds to ensure visibility.

* Item 41, Fore Starboard Downward Thrusters; is CAS measurement No.s
V79X2608X, V79X2614X. A large plume is displayed if either of these thrusters is
fired. The plume icon is displayed for ailaast 10 seconds to ensure visibility,

* Item42, DMS, is SRD No.'s MO0OX011D, MO00X012D. Algorithm is:

If either DMS is CLOSED, then indicate circuit is "CLSD"; eise mdxcate circuit is
"OPEN".

« Itemrd3, V, is SRD No. ROOU069S.

* Item 44, P, is SRD No. MOOPQO3S.

* Item 45, Accelom, is SRDNo. I01J008D.

* Item 46, w, is SRD No.'s Q07H006S or QO7THO12S; display larger value. It is
converted from rad/s to rpm.

¢ Itrems 47 thru 52 are deleted.

* Item 53, Tether Projection, is (reference POCCT, ltems 6 and 7).

Item 54, In-plane Front Valve Status, is SRD No. A05J002D. Algorithm is:

If valve is "OPEN", then indicate thruster is on; eise indicate thruster is off,
Show icon for 10 sec.

Item 55, In-plane Rear Valve Stats, is SRD No. A04J002D. Algorithm is:

If valve is "OPEN™, then indicate thruster is on; eise indicate thruster is off.
Show icon for 10 sec. :

* Item 56, Aft Port Rearward Thrusters, is CAS measurement No.'s V79X2617X and
V79X2623X. A large plume is displayed if either of these thrusters is fired. The
plume icon is dispiayed forewiess 10 seconds to ensure visibility.

* Item 57, Aft Starboard Rearward Thrusters, is CAS measurement No.'s V79X2631X

and V79X2637X. A large plume is dispiayed if either of these thrusters is fired. The

plume icon is displayed for swwsme 10 seconds to ensure visibility.

-—

11



POCC 1 (cont'd)

Item 58, Fore Starboard Foreward Thrusters, is CAS measurement No.'s
V79X2601X, V79X2605X, V79X2609X. A large plume is displayed if any of these
thrusters are fired. The plume icon is dispiayed for asdesse 10 seconds to ensure
visibility.

Item 59, Fore Port Foreward Thrusters, is CAS measurement No.'s V79X2601X,
V79X2605X, V79X2609X. A large plume is displayed if any of these thrusters are
fired. The plume icon is displayed for amiesst. 10 seconds to ensure visibility.

+ Item 60, Pitch Rate, is defined in Attachment K.

« Item 61, Yaw Rate, is defined in Attachment K.
» Item 62, Roll Rate, is defined in Attachment K.

12



BOCC T
* Item la, MET, is CAS measurement V7SW3514D.

Item 1b, Orbit No., is computed based upon MET. The aigorithm is
INT(MET/90)+1).

Item 1, TEMAG, is SRD No. L01J002D. The graphic is a colored status block.
Item 2, RETE, is SRD No. K01J002D. The graphic is a colored status block.
Item 3, ROPE, is SRD No. JO1J006D. The graphic is a colored status block.
Item 4, SCORE, is SRD No. I03E002D. The graphic is a colored status block.
Item 5, SPREE, is SRD No. R02U703S. The graphic is a colored status block.

- Item 6, SRPA/LP, is SRD No. N01J007D. The graphic is a separate block, colored for
status.

Item7,LP,is deleted.

[tem 8, CCP, is SRD No. NO1JOO9D. The graphic is a separate block, colored for
status.

Item 9, DV On/Off, is deleted.
Item 10, DVG, is SRD No. M0OOX005D.
Item 11, Tether Length; is SRD No. DO1H022S.
~ Item-12, Tether Voltage, is same as S VOLT™ on DDCS page 1.
* Item 13, Orbiter Pitch Angle, is defined in Attachment H.
Item 14, Orbiter Yaw Angle, is defined in Attachment H.
Item-15, Day/Night, is deleted.
Item 16 is omined.
Item 17, acpb, is SRD measurement YO3UQ09S. Itis an aiphanumeric entry of the AC
DRB extension or rewraction. The DRB\xs also shown graphicaily assishemsssensiedsto
ensuiisunpesitionsosvswased. POSitian
Item 18, dcbp, is SRD measurement YO3UOQ18S. Itisan alphanumeric entry of the DC
DRB extension or reqraction. The DRB\is also shown graphicaily assishessmendsdsto
" At :

P§5|+1 and
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POCC JT (cont'd)

Item 19, spin indicator, is SRD No.'s Q07H006S and Q07HO12S. If either is >

0.1RPM, show CW arrow. If either is < -0.1 RPM, show CCW arrow. Else remove
arrow.

Item 20, DMS1, is SRD No. M00X011D. Algorithm is:

If DMS Switch 1 Status = "CLOSE", switch is closed; else switch is open.
Item 21, DMS2, is SRD No. MOOX012D. Algorithm is

_If DMS Switch 2 Status = "CLOSE", switch is closed; eise swuch is open.
Item 22, TCM On/Off, is deleted.

- Item 23, CMS, is SRD No. N02J0OSD and NO2JOO7D. If eitheris low, show open.
Else show closed.

Item 24, MMS, is SRD No. N02JOO9D. If it is iow show open, eise closed.
Item 25, SHT, is SRD No. N02JO10D and NO2JOOSD. If either is low, show open.
Else show ciosed.
Item 26, R1, is SRD No. NO2JOO3D. It is displayed as an openedlclosed switch.
Algorithm is:

IfR1 Relay = "LQW", switch is open; else switch is closed..
Item 27, R2, is SRD No. NO2JOO2D. It is dispiayed as an opened/closed switch.
Algorithm is:

If R2 Relay = "LOW", switch is open; else switch is closed.
Item 28, R3, is SRD No. NO2J0O1D. It is displayed as an opened/closed switch.
Algorithm is:

If R3 Relay = "LOW™, switch is open; eise switch is closed.
- Item 29, PROT, is SRD No. NO2JOO6D. It is displayed as an openedlclosed switch.
Algorithm is: -

If PROT Relay = "LOW™, switch is open; else swiwch is closed..

- Item 30, CPROT, is a static symbol.

Item 31, R1A TEMP, is SRD No. NO2T004S.
Item 32, R1B TEMP, is SRD No. NO2T007S.
Item 33, N.NNN A, is SRD No. N02C003S.

Item 34, +/- NNNN V (Left side), is the same as "S Voit" on DDCS page 1.

reiwn -
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POCC I (cont'd)

* Item 35, CEGHS Power, is SRD No. M00X032D:
If it is high, display blank character (open circuit) and display "OFF". Else display line
character (closed circuit) and display "ON".’
Item 36, CEGHS1, is SRD No. M0OOXO006D. It is displayed as an openedlclosed switch.
Algorithm is: = EESE
If CEGHS Switch 1 = "HIGH", switch is open; else switch is closed.
Item 37, CEGHS?2, is SRD No: MOOXOO?D Itis dxsplayed as an opencd/closed switch..
Algorithm is: AEETL i MRS
If CEGHS Switch 2 = "HIGH", switch is open,elsé switch is closed.
Item 38, DVHYV, is SRD No MO0O0XO010D. Itis d;splayed as an opened/closed switch.
Algorithm is:
If DV HV Switch = "HIGH", switch is open; else switch is closed.
*  ltem39, EM1 XXX, is SRD No. MOOC007S. Algorithm is: T
IFEGA1 Filament Citrent > 65 Amps, then EM1 = "ON™: clseEMl ="OFF".
* Itemd0, EM2 XXX, is SRD No. MOOC0O0SS. Algorithm is: S
If EGA2 Filiment Cifrent > 65 Amps, ther EM2 = "ON"; else EM2 = "OFF".
Itenr 41, +/- NNNN V (right side), is same as "D Volt" on DDCU Page 1 in SRD.
* Item 42, FPEG AAAA, is SRD No. NO3VO11D. It is displayed as "ON" or "OFF™-
Item 43, Orbiter Cur N.NNN A, is same as "Orbiter Cur" on DDCU Pg 1 in SRD.
* Item 44, sarilite thruster indicatar, is SRD No.'s A02J002D, A03J002D, A04J002D,
A05J002D, A06J002D, A07J002D, A09J002D, A09J004D. Algorithm is:
If any thrusters are "ON", then plume icon is displayed; else no icon is displayed.
The plume is displayed foresisase 10 seconds wensure visibility: 7"
¢ Item 45, orbiter thruster-indicator, is CAS No.'s V79X2601X than79X2644X
Algorithm is: Yl e
If any thrusters are "ON", then piume i icon is displayed: eise no icon is displayed.
The plume is displayed forewivase 10 seconds to ensure v1s1b1hty

Cn e e

e Caral R
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EOCC 1T

Item 1, MET. is CAS measurement Y75W3514D.

Item 2, Orbit No., is computed based on MET. The aigorithm is INT ((MET/90)+1).
Item 3, Orbiter Thrusters, is CAS measurements V79X2601X thru V79X2644X.
Algorithm is:
If any thrusters are "On", then display should indicate on; else display should
indicate off.
The bar is highlighted foresssast 10 seconds to ensure visibility.
. Item4 FlashEvapommrsOnlOff is defined in attachment E.
If any flash evaporators are ON, then display should indicate On;..
Else display should indicate Off.
The bar is dispiayed for aislasst 10 seconds to ensure visibility.
Item 5, Dumps, is CAS measurement V62X0538E and V62X0465E.
Algorithm is: s
If any dumps occur, then display should indicate on; eise display should indicate
off= ] i
The bar is displayed for essemst 10 seconds to ensure visibility.
+ Item$6, LOS, is deleted..
o TItem7, Night, is deleted. .
Item 8, Sat In-line thrusters, is SRD No.'s AOZJOOZD A03J002D.
Algorithm is:

If either thruster vaive is "OPEN", then display shouid indicate on; eise dispiay
should indicate off.

The bar is displayed for asiesss 10 seconds to ensure visibility.
+ Item 9a, Spin Thrusters, is SRD No.'s A09J002D, A09J004D.
Algorithm is:

If either thruster vaives are "OPEN", then display should indicate on; eise display
should indicate off.. p—

The bar is displayed for aislesss 10 seconds to ensure. vmbxhty

16



POCC TIT (cont'd)

- Item 9b, Canted Thrusters; is SRD No.'s A04J002D, A05J002D, A06J002D,
AQ7J002D.

Algorithm is:
If any thruster vaive is "OPEN", thendispiay shouid indicate on:eise display
shouid indicate off. -
The bar is displayed for at ieast 10 seconds to ensure visibility. .-
* Item 10, S/C Spin Mode, is SRD No.'s QO07THO06S and QO7HO12S.
If either is > 0.1 RPM or < -0.1 RPM, show spin.

ltem 11, Brake On, is SBulowGolioltRuiehighuslisindiostanihatibahminds . )2 | .o-ha-d) .

T -

Item 12, Switches: CMS, is same as item 23 on POCC II.
MMS, is SRD No. N0O2JOO9D. If it is low, show blank
(open); if high, show shaded (closed).
DV-HY, is SRD No. MOOX010D. If it is high, show blank _
(open); if low, show shaded (closed).
Item 13, SETS:  Shunt, is SRD No.'s N02JO10D and NO2JOOSD. If either is low,
show open. Else, show closed.
R1, is SRD No. N02J0O3D. If low, switch is open. Else show
closed.

R2, is SRD No. N02J002D. If low, switch is open. Else show
3closmi.

RY, is SRD No. NO2JOOID. If low, switch is open. Else show
closed. :

Item 14, FPEG Gun, is SRD No. NO3V011D. If low, gun is off; if high, gun is on.
Item 15, DCORE EGAL, is same as item 17 on JSD L.
DCORE EGA2, is same as item 18 on JSD L.
Item 16, Tether Current, is a line piot with vertical scale in log form from 1 to .001
amps, using the sum of SRD No.'s MOOC003S and MOOC004S.

17



Item 17, Tether Voltage line piot is the same as "S VOLT" on DDCS page i. Vertical
scale is +100 VDC to -5000 VDC.

» Item 18, MET, is CAS No. V75W3514D.

GENERAL: A scroil bar should operate as in the JSD's. Data should be overwritten

as in the JSD's. There shouid be a backround set of vertical lines tied to the timescale.
tick marks.

18



- htem?7, Pitch Rate, iSdefined in Amachment K= 22 oz -

POCC IV

Item i, MET, is CAS measurement V75W3514D. 2

Item 2, Orbit No., is computed based on MET. The algorithm is Il\l'I"((MET/90)+1)
- Itenrr3, Attitude: Roll is defined in Artachment H.

- Itenr 4, Antitndes-Pitciris defined in Attachment .~ . il

m——————

Item 5, Attimde:. YawmdeﬁnedmAmchmcmH;’ =
-- Item 6, _RollRate:xs defined in Attachment K.~ AT

Item 8, Yaw Rate, is defined in Attachment K.~ N
Item 9, RAM-AZ, seePOCCL, item-18.": ottt #r— il Wl veres T S OUETE

Itenr 10, RAM COEL, see POCC 1, item-17. i

Item 11, B-Field AZ..is described in SRD, DDCU Pgl,as "B AZ".

Item12, B-Field COEL. is described in SRD, DDCU Pg 1, as "B 'COEL".

Item 13, B-Field Mag, is SRD No.'s NO7U001S (By), NO7U002S (By), NO7U003S
(Bo). Lgaaiminik
Algorithnrise—  —_ "I"_": b a3 b eIy 1 vo LSRR L ik TP ) SN

TBR+B2+BAR e me | snevzzed LIT L o

Item 14, Thrusters, is CAS measurement No.'s V79X2601X thra V79X2644X
Algomhmxs e o iste

If any thrusters are on, then dxsplay should indicate "On"; else dlsplay should
indicate "Off". TITIIT e
The indication is dispiayed forasdesst:10 seconds eosnsussmiviviiors -
Item 15, Flash Evaporators On/Off, is defined in Attachment E.. Thie algorithm is:
If any flish evaporators are-ON, then'display should indicate On; ™
Elsé display should indicate Off~
'l'hemdxcanonxsdxsplayedfom 10 seconds

.- . m—— ——————
Lo oo o m——— —4am

. —— - -

—~—

- — e mlie e -
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POCC 1V (cont'd)

Item 16, Dumps ID, is CAS measurement No.'s V62X0465E. Y62X0538E.
Algorithm is: else
If V62X0465E is "OPEN", then indicate ."Supply"l if V62X0538E is "OPEN", then_
indicate "WASTE" If any dumps are executed, then display should indicate "On"
next to IDGlse dxsplay should indicate "Off ™)
Indications are dispiayed for esssast 10 seconds——-ﬂ or utl The Next
* TItem 17, LOS/AOS, is deleted. N 1 pn ~ON stadte dv“'*j“ ‘
» [Item 18, Day/Night, is deleted. e
* Item 19, Latitude, is deﬁnedmAmchth Tﬁ:umrsmdegrees.
» Ttem 20, Longimde, is defined in Attachment L. Theunétsaredcgrccs.
Item 21, Radar Rng., is CAS mieasurement No.'s V741/2623J.
» Items 22 and 23, RadarAz and Radar COEL, are defined in Attachment D.
¢  Item 24, DMS, is SRD No.'s M0O0X011D and M0O0X012D.
Algorithm is:
If DMS1 or DMS2 is closed, then indicate "CLSD", else indicate:"OPEN".
» [Item 25, SETS Switch Mode, is defined in attachment C.-Use “R1", "R2", "R3", or
“Shunt'. If more than one, list ail.. e
+ Item 26, SETS Mode, is SRD No. NO1UQO1S.
o Item 27, SETS Dur,, is SRD No.'s NO1U0OSS, NO1UQO06S.
Item 28, DCORE Mode, is the parameter "DCORE" in the SRD, DDCU Page 1.
Item 29, DCORE Dur., is the parameter "TM REM" in the SRD, DDCU Page 1.
» Item 30, Sat: I, is SRD No. 103C002S. .
Item 31, DCORE: I, is simple addition of SRD No.'s MOOC003S and M0OCO004S.
+ Item 32, DCORE..V, is same as "D VOLT™ from SRD DDCS PAGE 1.
+ Item 33, Tether-Vs, is deleted. . e
+ Item 34, SETS I, is SRD No. N02C003S .
+ Item 35, SETS V, is same as "S VOLT" from SRD DDCS PAGE 1.
+ Item 36, SPREE Pot., is SRD No. ROOU069S.
+ Ttem37, CHG PRB, is SRD No. N0O4V005S.

* Item 38, Pressure, is SRD No. MOOPQO3S.
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* Item 39, Baz, is deleted.
¢ Item 40, BcogL, is deleted.
* Item4l, By, is deleted._

o Item 42, Smet., is SRD No. QO7THO06S or QO‘IHOIZS,.whlchever is larger.
Itenr43, Spin Dir., is derived from the sign of SRD No. Q07H0068 or QO7THO12S.
Algorithm is:
If Rate > 0.1 RPM, :hendxsplay shouhimdmaxe CW" else.fo—O 1 RPM, indicate
"CCW™,; else indicate " " i
* Item 44, [L Thruster ID, is SRD No.'s AO?.IOOZD A03I002D.
Algorithmr is:
If valve 1 is "OPEN", then indicate "In-line 1"; else if valve 2 is "OPEN", indicate.
In -Pne.zw;.cls? focieage " ™ or until the werd Opn
The indication is displayed forasdeass 10 seconds essnsusessisiisilions Shate chaw e .
* Item 45, Thruster duration, is deleted.. 3
* Item 46, Canted Thruster ID, is SRD No.'s A04J002D, A05J002D, AQ06J002D,
A07J002D..
Algorithm is:
If in-plane rear valve is "OPEN", display "In Pl. Rear":
Else if in-plane front vaive is "OPEN", dispiay "In P\. Front":
Else if out-of-plane right vaive is "OPEN", display "Out PL Right";
Else if out-of-plane left valve is "OPEN", display "Out PL. Left":
Else dispiay " ".
The indication is displayed foresdsas 10 secon
* Item 47, Thruster Dur., is deleted..
¢ Item 48, Yaw Thruster ID, is SRD No.'s A09J002D, A09J004D.
Algorithm is:_
If Yawl Valve is "OPEN", then indicate "Yaw1"; Else if Yaw2 Valve is "OPEN",
then indicate "Yaw2"; Else indicate " ", o
The indication is displayed foraslesst 10 seconds
* Item 49, Thruster Dur., is deleted.
¢ Item 50, Power P/L, is SRD No. Q04U042S.
¢ Item 51, Power Tot., is SRD No. Q04U040S.

Item 52, DRB Ext., is SRD measurements YO3U009S (DRBA) and Y03UO018S
(DRBD).

——

or uwmtil +L.n. Next ON
* Stosta dnwn-v_

v until _—H.n. Net ON
-~ Stedre dv\m-sﬁ.n. .
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POCC IV (cont'd)

- Item 53, SCORE I, is SRD No. 103C002S.
* Item 54, ACCEL Z, is SRD No. I01A006S.
/D;;: o . Item 55, ACCEL X, is SRD No. I01A002S (ax), ACCEL Y, is I01A004S (ay).
DoT Tether L. is SRD No. DO1H022S.
A®oVE L D ¢ ltem57, Tether L. is SRD No. DO1H024S.
—A——~_~— + Item 58, Tether Tension. is SRD No. DO1H029S.
- Item 59, Sun Ang. AZ, is deleted.
« Item 60, Sun Ang. COEL, is deleted.

22



ATTACHMENT A +

“
J =
3 ¢
AlL ISDs 3 tﬁ?
White vé‘ i “\ *;:
+  A’crolling time bar is displayed on each panei to accommodate the various experiment . _33
*  Asthe scroil bar reaches the right side (end) of the graph, the bar rerumns to the left side ;‘3‘-%'
(beginning). It then begins overwriting the old data, including individual tick mark Tty
vaiues. The old dara therefore provide a history display until overwriten. 3’ -:2; i
* Time scale is identical across all panels on display page. ~ 3 B
+ Time axis vaiues and units are annortated oniy on the lower paneis. 1 »*
*  Tick marks are displayed across the wop and borwom of all paneis. ;§ 3- %
* Minimum of 5 equaily spaced tick marks per time axis (inciuding left and right borders- i fl'
of each panel). (s %___E pd
*  The number and distribution of tick marks Jis,automaicaily set according to the user- - 31
selected time scale. ‘3 sgzg

On the lower panels, tick marks are annotated with swesspasander time, [+ TWEETSYY
fes latimde, and Sunspasssdier ionginude, plusdehabsopasiia;. Time wainessangesisom- &
08untiuiminumscasessnde) Latimde values range from -90 (90 degrees south of
equator) to +90 (90 degrees north of equator). Longitude values range from -179 (179
degrees west of prime meridian) to 180 (180 degrees from prime meridian).
+ The display of current MET, from the CAS downlink. is b sy, " I+ Coaner
‘i T+ display and shown as Filsvidiwiek. HH ranges from 00 to 23; MM and SS from 00 to
59. DAY/HH: mm 1SS . _
* MET is updated based upon the CAS IDFS period.
- i timlonad " Sdioni

Tha GmT timma Adispla e 1 the VPP left caamen G",

e CQiS-‘alo.T Yeprasems+s e bt aL Hae lept - ham d
Marin.» 6“ +he ciro.fa\-\.kﬁ Sotao. ‘T‘\as Ll bha -{-:\1(-9._& w‘“’h‘

s Sevwosly kqv s Mﬁ'ﬂ-&.‘b\\ﬁ*j g—(QV\A {—L-‘-—* o VIQL\+' L&)LQ.B‘ HQ—
sersll bar Lvop $ l-;u.k e e '\L-§-+) T’Q\'o_s +im e )] ba
U\oc\Od-n-c\' Tha J.yf,la.a.‘ Lot are

O-G-ﬂ-/& hes @m0 Seee s A UL s e da
g ~
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JSD1

Always disoiavea excant when Olssiay i
ari—+~{UNE RETE - e =
1 —“Satsilite Potenuat Se SR =1
Item 20—~- OIFP @ ﬂé?‘
o= 1 - 3
N Sgectrogram- ?L
Bema 28 751 Item 21— DIFP €, __ T
Items 8, 9, 10 - (2 3 p ¥
‘ Spectrogram- gq.
Items 11— i =
e e SPES:-1 -
T st 4 Iltem 22— EEECTRONS . i &
ltem12<>| RETEB?
Spectrogram
ltemi3~-{ = RETELlangmuir
~.__|T Probe
;u-]i—y.n OREITER THAUSTERS CNOFS. -
tem i 6=>- | PPeacwcms
Item-175—| STy
ey R —
{tem {9—
MEr”-ﬁ-
*Egher 1 or 2, but net both.
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:‘Cc'-::’.'

Jsou
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Item i3—
Specucgram :‘i ltem id—>- ;
SPREE =1 Item is— <
9 Item {6~ -
3l Item i7— | SPREE Pat. Specwrostne 9
Item i— N ions From Zone 4 O | Item 18— {-ZichangsJosouoam S
\ Item £9—>- .
Spoe?n\qnm- | g o Lines- .
| sPREE. @1 Iem20— | DCORE Tether |
E: Q\ Iltem2l— SETS Tether |
Item2— | |on SummeaxScectra 8| lemi2— SA Tether |
Spectrogram 2 g Lines: j“
SPREE ‘Jd | rem23» | OCORE Tether v
E.
% Item 24— SETS Tether V
Item 3—>-{ Electrons From Zone 4 Item 25— DY =Feihemit
. ‘ \ =
' i 3 hY Spectrogram g‘
E: SPREE =i - s
3 Q I%ZG—» SETS RPA g i
Itemd4— | lon Summed Spectra 8 &\ 3
“ :
Lines . Spectrogram 'g
Item 5—- Sets CCP | \ =
L g SETS
Item 6— Sets CCP Q Item 275 Rengmuir Probe 3
.
Im 7_},, SATIRLITE THALSTERS ONOPS Dend ey SATELL{TE THAUATERS ONOFE u
Jtems 8=> - | OFESTER THRISTERS ORI ey ORBITER THAUBTERR ONCFE
Item 9= FPe0 OWOSF pempampmpampam TP OO ~
Items 10— - m e a=papem T ~
Item i1 - S o L < [
Item 12—~ oy )y
MET - MET

\ 1

*Note: ltems 7-12 are the same as JSD | items 14-19.
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TSS-Joint Sciences Display il
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Jsp i
Only during dynamics
(| Lines:. | Lnes
Accslerometer [tem 9—-Satellite Thrusters
“ltem i— '3y, 8L . Item 10— Orbiter Thrusters
| Item .T ) I
Lines: ~ Lines.
‘Renaezvous Radar
(Gyioa X and™Y Item i1-—Range
Itemd T Item i2 = - AZ_E:
“~—ttem-13 T -~
e Llnu oo —— ] Lines-
lem5— Gyros Z .. ---—| _Tether Voltage
.3y Item 14— | Predicted
Itéim 15— | Measured
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Lines e
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B n g
N~ -
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JSOV*
Pre-Oepioyed

ltam i3— Tetheris Specrasinio

Item id—» TSS MOOE Socectwrosun
[tem i5 — _Pressure Scectrostne i

Item i6~»—_Ancse Lssusge Soecromng |
Ttows §7—> SPREE Pot. Soestrossm
Itome i R—s..YCRANge Soscuosuie

Spectrogram
SBREE.

COLOR BAR

Item {—r-- ns From Zone 4

coor BAR| | coron BAR

Y
S Lines. _

E L SPREE Item 20— { Orbiter Pitch Angle

Item-21— { Orbiter Ram Angle
Item2— \on Summed Scectra
A .
Spectrogram- » Lines
e | SPREE { memiz— | AMAG
. tem i~ Pressure
Item 3— - Eigctrons From Zone 4 \ '

Spectrogram

BAR

fan

Spectrogram
= SBPREE.

COLOR BAR

Item 4—) lon Summed Spectra

[ones ===

Itemn2d—>- SETS APA
Item35—- Sets CCP |

Itemé— Sets CCP Q

‘ Item 25— muir Probe

COLOoR

d

Item 7— [ DTELTE THRISTERS GG 1 NN _m'-'_m":r-_"m_— Y
Item 8—> | CAMTER THRBTERE RO pempenpapepnp - | ORBITER THAUSTERS GWOSS

[tem 9—>- | Frmacwcm pampapampapap - | FPUG ONOSS EN

Item 10— [TETEEE e eepapenn | CUR VT — N

Item 11— [ SEXTORS . . 1
Item i2—~ pp————

MET i MET .

* Note: items 1-19 equal items 1-19 of JSD Il, and items 24 and 25
. equal items 26 and 27 ot JSD 1.

Color CRT - TSS-JOINT SCIENCE DISPLAY IV
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ATTACHMENT C

TCYM RESISTORS:

SHUNT

SRD NO.'S N02J010D AND N02JO08D (BOTH MUST BE HIGH)

Rl - SRD NO. N02J003D

R2 - SRD NO. N021002D A
R3 - SRD NO. N02J001D :

ALGORITHM

IF SHUNT IS "ON", THEN SPECTROSTRIP SHOULD BE GREEN:;
ELSE IF R1 IS "ON", THEN YELLOW; :
ELSE IF R2 IS "ON", THEN ORANGE; S-Sl e g
ELSE IF R3 IS "ON", THEN RED;

ELSE BLACK (NO RESISTOR RELAYS ENABLED).

{1



ATTACHMENT D
Tether (or Radar) Az, COEL Determinati

EIRST:
9 = V74H2618]J - T
0 = V74H2519] iz :

Fe21°, s, e oo =
THEN: AZ =90° + Tan"! (sinfl/sinBy Feernae T, S iy

Fied <1°, o -

THEN: Az=0°if { is negative
Az = 180° if § is positive
Fos-1° o
THEN: Az=270°- tan."! [(sinf)(-sin8)]

2 Ly T VRS 18 RE
COEL=+@2-+¢2) = $4. 9] St tmzns B 5

oy ey Nr - - 3 .
a4 .5 —
—— ek - et a -
—— e . © e ee s vemre Gon . -
——— - — -

NOTE: "Az"ismeasured as the angie between ;he Orbiter tail and the projection of the
end vector on the Orbiter X-Y plane. 0 is out the Orbiter tail; the angie is
defined as positive as a clockwise (toward the left wing) motion from the tail.
Range (0-360°). -

"Coel" is measured as the angie between the Orbiter Z axis (poiniing up out of
the cargo bay) enda\the end vector,0° is straight up. Range (0-180°).
oL

3



ATTACHMENT E
EES OPERATIONS
To dewermine if FES is enabled. one of four discretes must be high:
V63S1600E: Flash Evap Cntir Pri A - GPC
V63S1610E: Flash Evap Catir Pri A - ON'
V63S1650E: Flash Evap Cntlr Pri B - GPC
V63S1660E: Flash Evap Ctir Pri B - ON

Then, if (V63T1208A + V63TT408A)/2 2 41°F, or 2 40° and decreasing, FES is "ON",

where: V63T1208A: FCL 1 RAD OUT TEMP
V63T1408A: FCL 2 RAD OUT TEMP

Source: Kathy Messersmith
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Lockive DowanN
Ta Ov bten

(D) In-Plane Front Thrusters "
(@) In-Plane Rear Thrusters

(3) Out-of-Plane Right Thruster
(@) Out-of-Plane Left Thruster
@ Yaw 2 Thrusters

@ Yaw 1 Thrusters

(@) In-Line 1 Thruster

In-Line 2 Thruster
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ATTACHMENT G

MMAG/SwRI display formats
and s
MSFC/SvT display formats B - -

-
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ATTACHMENT H
Pitch, Yaw and Roll LYLH Values

The following computations can be used to caiculate the Orbiter pitch, yaw, and roil
attitudes in the Local Vertical Local Horizontal (LVLH) reference frame, using the
following downiisted data; 1) LVLH RELQUAT [Q]Ms0_LVLH, 2) body-to-inertal.
quaternion {Q]BDY_MS0.

This computation invoives a three SIEp process using the fdud\x;ing operagons:

1. [QIBDY_LVLH = {Q]BDY_M50 * {Q]MS0_LVLH

2. .[QJLvLH_BDY = Conjugate {QIBDY_LVLH

3. Extract Pitch, Yaw, and Roll Euler angies from {QILVLH BDY in the
P-Y-R sequence.

The following definitions will be used to define the variables in the detailed equations.
[Q]MSO_LVL_H will be defined as {QLIMS0_LVLH with elements L1, 1.2, L3, and L4.
[QIBDY_Ms0 will be defined as (QI]JBDY_Ms0 with elements I1. 12, I3, and I4. Table 1

illustrates these quaternions and their elements. These are the only input data required to
caiculate the Orbiter LVLH attimde.

= UATERNION | - ErEMENTS® |-  MSsD#

[QI}BDY_MSso | § V90U2240C
v V90U2241C
3" V90U2242C
. 14- V90U2243C
[QLIMs0_LVLE LL . V90U2641C
125 V90U2642C
L3. V90U2643C
LA- V90U2644C

Table 1.

29



Equadons 1 thmugh 4 were derived by combining the caiculation of the body-to-LVLH
quaternion ([Q]BDY_LVLH) with the conjugation of the same quaternion to produce the
LVLH-to-body quaternion ([QILVLH_BDY). These caiculations were mentioned above as

operations 1 and 2. The individual elements of [Q]LVLH_BDY can be caiculated using the
equations 1 through 4.

EQ1. Ql = (I1*L1) - (I2*L2) - (I3*L3) - (I4*L4)
EQ2. Q2 = - (I1*L2) - (I2*L1) - (I3*L4) + (I4*L3)
EQ3. Q3.= - (I1*L3) + (12*14) - (I3*L1) - (I4*L2)

EQA4. Q4 = - (I1*L4) - (I2*L3) + (I3*L2) - (I4*L1)

Two or more operations must be followed to extract the pitch, yaw. and roll angies from
the {QILVLH BDY quaternion. First, the {Q]LVLH_BDY quaternion must be converted into key
elements of a direction cosine mamix. This conversion is shown in equations 5 through 9.

EQS. M21 = 2((Q2*Q3) + (Q1*Q4))
EQ6. M11=Qi12+ Q22-Q32-Q42
EQ7. M31 = 2((Q2*Q4) - (Q1*Q3))
EQS. M22 =QI2- Q22 +Q32- Q42
EQO. M23 = 2((Q3*Q4) - (Q1*Q2))

Equarions 5 through 9 conmin all of the informarion required to determine the LVLH
attitude of the Orbiter. These angies can be exmracted using equations 10 through 19.

YAW

EQ 10. YAW =sin-l (M21)

EQ11. IfYaw <0 then YAW =360+ YAW
BPITCH

EQ12. arg=MI11/ (cos YAW)

EQ13. If. lagi>1 then arg = arg/ largl
EQ14. PITCH = cos*! arg

EQ15. If -M31/(cos YAW) < 0 then PITCH = 360 - PITCH

3,

-—wn 2@



ROLL

EQ16. arg = M22 / (cos YAW)

EQ17. If ~ largi>1 thew arg= arg/larg!

EQ 18. ROLL =cos-! arg

EQ 19. If -M23/(cos YAW) <0 then ROLL = 360 - ROLL

Equations 1 through 19 can be used to build algorithms that will compute the Orbiter
LVLH attitude given the LVLH RELQUAT and the body-to-inertal quaternion.



ATTACHMENT I

Orbiter Lattitude and Longitude

To obwmin orbiter L animde and Longimde form, the following compuration is required:.

CAS No. V95HO185C: Shuttie X position = X;
CAS No. V95HO186C: Shumie Y position = Y
CAS No. V95HO0187C: Shuntie Z osidon = Zj~

First; recognize that the CAS parameters are given with respect o AMSO0. So, the angie.
from the vernai equinox o Greenwich Meridian must be caicunlated (GST). The following.
2 Fortran subroutines will compute GST:

—-

JULDAT
This routine computes the Julian Day Number (AJD) from the calender date:

and Greenwich Mean Time (GMT). Also, computed is the Day of the Year
number.

SUBROUTINE JULDAT (MON, IDAY, IYEAR, GMT, AJD, DAYNO)
DOUBLE PRECISICN AJD,AJX,AJDJIANO,PSF

DIMENMSION. J(2,12)

DATA J/1,12,1,12,20%0/

IX=IYEAR~-J (1, MON)

IM=MON +J(2,MON)

PSE=(.

IF(IY.LT.0)PSF=_75%

AJX=DINT (365.25D0*IY-PSF) +DINT (30.6001D0* (IM+1) ) +IDAY+1720994 .5D0

IF.(AJX.GT.2299170.D0) AJX=AJX+2-INT (I¥/100) +INT (INT (IX/100) /4)
AJD=AIX+GMT /24 .

PR



ATTACHMENT 1
(cont.)

GST

This routine computes the Greenwich Sidereai Time from the Julian Day
Number and the Greenwich Mean Time.

FUNCTION GST (AJD,GMI)
IMPLICIT DOUBLE PRECISION (A-H, O-Z)
REAL GMT

DATA Cl/.2617993878D+00/C2/1.739935894D+00/C3/628.3319511D+00/
DATA C4/.67559D-5/CJ/2415020.D+0/

TU= (AJD-CJ) /36525.
D=CLl*GMT + C2.+ C3*TU + CA*TU*TU

GST=PRIN (D)
RETURN
Next, compute XE, YE, ZE
X Xt os(GST)  simGST) 0| [ Xi
Y (GST)z | Yi| = -sin(GST) cos(GST) ‘0 Y1
Zs 4 0 0. 8 | y49
From here,. .
Longitude = tam ! (Ye/Xp) angie=+180°
Lattimde = sin-1(Zg/R) angle=190°

where R =(x2+ Y2 +Z)12

Ao ) &—m—

HERE )

<
T3



ATTACHMENT J
RAM Az and COEL Angiles

ToobmntthAMAzandCoelangles,thefollowmgequanonsshonldbensed,
1. [Vbarlmso[q_bod MSQ] [VbarlBody =
2__Unitize (VbariBody N
3. Az=tan“(-VbarBode/-VbarBodyx) BER Y
4._Coe1-cos'l(~meyz) b= r Tl ke -

The following weiemetry-inputs arer

[Vbarimsg = V95L0190C: X-Comp of Current Shettie Vel Verr
- V95L0191C: Y-Comp of Current Shetie Vel Vetr-
""" "V95L.0192C: Z-Comp of Cuzrent Shettle Vel Vetr
[q_bod_M50]= V9ORI2240C: M50-To-Measured Body QUAT ELE |
V90U2241C: M50-To-Measured Body QUAT ELE 2
~ V90U2242C: M50-To-Measured Body QUAT ELE 3

" V90U2243C: M50-To-Measured Body QUAT ELE 4

The quaternion muitiplication subroutine is provided on the attached pages.

Ucb s ‘M¢ Cgl;u.la.*ta;.\ s alsp ré'—_eA 'Lo sy éeoceunr\c. N
Declinatiny. Tr-does wat containg udadion (less thaa L anwyy erazg.
T shauld ot be confased with. Geadedic La.:{'hluie. ndudt use <

\\ “he . kcal Vu—hcal -0 c.;m?u -%6“'»4&: A 367 faﬁ.‘ﬁda 'H\!-f?- |’

dbox  6.8° difCerence ~33 batwean the L ot the &TU-:r :
\ asd oi'ﬁﬂ,g,Fo(e,s the L are the same, /

3*-
~NU U



-— Subroutine QVEC
--.-.-----..--.------------.------.--..-.-....-.----...--.--.----.-.-..
QVEC - This Routine perfcrms the rotational transformation

of the input vector VEC_IN by the gquaternion QUAT and
recturns the transformed vector in VEC_OUT.

-
A
.
=

Input Variables:
Double Precision:
vec_in The input vector to be transformed.
quat The input Quaternion describing the rotaticon

from the frame of VEC_IN to the destination
frame of VEC_OUT.

Output—Variables:
Double Precision:

vec_cut The transformed vector.

Local Variables:
Double Precision:
temp_dpl A reoccuring value used in-transforming the
input vector.

temp_dp2 A reoccuring value used in transforming the

c
C
b
c
c
C
c
c
C
c
c
c
c
o
c
C
c input vector.
c

c

c

Originally coded by: MPAD

Modified by: Craig Vosburgh/DH45 RSOC x30344
C Documented by: Craig Vosburgh/DH45 RSOC x30344

CE R R R R AR R R R R R R R R R AR R R R R AR R R R R R R R AR R RERRRRRTRERRRRRREERRR RN E

c> e e Wl

subroutine qvec(quat,vec_in,vec_out)

c> - -

C********i**********t***i********t*****************t***************t’t*t
c Declare them variables.
C**************Q*****************t****************t*********************

doubleprecision
vec_in(3),vec_out(3),quat(4),temp_dpl,temp_dp2
C<
c>

CER AR AR R R AR AR R AR RN RN RN RE R R RENRA R AR RNARRRARAARRRARR AR RNy
c Compute the repetative terms.
CEE R AR R R RN R RN R R AR RN R RN RN R NN RRRRRRARRRRRAR R AR RRRE TR R ReRd-

temp_dpl = 2.d0*quat(l)**2-1.d0
temp_dp2 = 2.d0*(quat(2)*vec_in(l)+quat(3)*vec_in(2) +
& quat(4)*vec_in(3))
C<
c>

CRERERRR AR RN AR RAARAR R RRRAARRARRAR AR AN LCRRERRAARANRARAARSARERRRTARRRRNR

C Transform the Input vector into the destination frame using
c

the supplied Quaternion.
(o A2 22422222222 2 22 2 222 222222 PRt eI IR LTI Ll L]

vec_out(l)

temp_dpl*vec_in(l)+temp_dp2*quat(2) + )
2.d0*quat(l)*(quat(3)*vec_in(3)-quat(4)*vec_in(2))
temp_dpl*vec_in(2)+temp_dp2*quat(3) +

*"en (W YW

&
vec_out(2)



vec_out(3)

C<

C<
return
end

Z.do*quat(l)*(quat(4)*vec;in(l)-quat(Z)*vec_in(J))
= temp dpl*vec__in(3)+temp_dpz*qua:(4) - _
z.dozquat(1)'(quat(2)*vec_in(2)-quat(3)*vec_xn(l))

3 ye
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The following computations can be used to calculate the Orbiter -
pitch, yaw, and roll bedy rates in the Local Vertical Local
Horizontal (LVLH) reference frame, compensating for-tha orbital
rate.

This computation-invelives a four-step.process using the following
operations: I . L

1T Calculate Orbiter-LVIH attitude. oo - —"T--

2.- Calculate the. Orbita.p orh_:itaq:: ratg- B

. = e P 5Y

3. R;;ol{re the. orbital rate into body axes. Rlaid

4. Subtract the orbital body rates from. the
actual body rates..- = i -

Step one will not be addressed in this mema. It-is assumed that.

the Orbitar—LVLH attitude will be calculated via. a special.

computation, and-the pitch, yaw, and roll_angles will be-available

for usa in this cemputation: it

The following-definitions will be-used in-the.equations.which-
make up-this.special computation. Bl SvdeTe| sl 355, T e
VARIABLE VALUE/SOURCE - DEEINITION
u 1.407646882x1016 (££3/s52) Newtonian Gravitational._
.- Constant-
H — V90H4945C Orbiter-altitude in feet
E 20925672.57 (f£t) Average radius of the
_ Earth in feet-
YAW special computation - - Orbiter-LVLH" yaw angle -
ROLL. special computation Orpiter - LVIH roll angle-
OR" equation 1 Orbital rate in deg/sec:
Rpdy V90R2223C IMU derived body roll
3 ~— " rate
Ppdy . VIOR2224C IMU derived bedy pitch-
rate
Ypdy . VSO0R222sSC IMU derived body yaw
rate
Ror equation 2 Orbital rate resolved
into orbiter roll axis
Por eguation 3 Orbital rate resolved
into orbiter pitch axis

U= S=c



i ! equation 4 Orbital rate resolved
| into orbiter yaw axis
Rivih ecquaticn S Orbiter rcll rate in the
LVLE reference frame
Pivih equation 6 Orbiter pitch rate in
the LVLH reference frame
Yivih equation 7 Orbiter yaw rate in_the.
LVIH reference frame

The orbital rate (deg/sec) of the vehicle can be calculated as.
shown in equation 1.

(T(E+H) )% 180
EQ1. OR = *—

(E+H)2 pi

If the orbital rate cannot be calculated due to processing time

or the value of H is not available, then a default value of .
.066°/sec can be used (OR = .066°/sec).

Once the orbital rate has been calculated,

it-must be resoclved
into Orbiter body axes (deg/sec).

This. can be_done by performing
equatiocns 2, 3, and 4.
EQ. 2 Rop- = -OR * (sin YAW)
EQ. 3 Pgr = =-OR-* (cos YAW) * (cos ROLL)
EQT 4 Yor =

-0R * (~-cos YAW) * (sin ROLL)

Finally, the Orbiter rates in the rotating LVIH reference frame

can be calculated by subtracting the orbital rate in body axes
from the actual body rates of the vehicle.

This process is_shown
in equations S, 6, and. 7. = :
-_EQ.. 5 Riylh =—Rbdy - Ror -
EQ. 6 Plvih = Ppdy - Por
EQ. 7 Ylvlh = de_y -;-Yor
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